Introduction {#s1}
============

Neuroimaging can provide useful diagnostic images and experimental findings that inform and support evidence-based clinical practice. For example, diffusion-weighted imaging (DWI) is considered as a useful modality to diagnose patients with acute ischemic stroke (Schellinger et al., [@B33]). Magnetic resonance images are also useful for many neurologic conditions such as diagnosing posterior reversible encephalopathy syndrome (Lamy et al., [@B13]) and detecting white matter alterations in early stages of schizophrenia (Samartzis et al., [@B32]). Also, positron-emission tomography (PET) and single-photon emission computed tomography (SPECT) can provide useful diagnostic biomarkers for Alzheimer\'s disease (Mueller et al., [@B28]). Clinicians, scientists, and policy-makers rely on the scientific evidences reported by peer-reviewed literature to determine if certain management methods and strategies should be recommended or not. Not only journals are judged with their credibility (Manca et al., [@B22]), the journal publications themselves are also associated with different levels of evidence---from systematic reviews and meta-analyses of randomized trials to case series and mechanism-based reasoning (Winkelmann et al., [@B37]).

The distribution of papers in these publication types was assessed in the radiology field (Rosenkrantz et al., [@B31]). Surely, the various publication types differed in not only the publication count but also the number of downloads and citations (Moed and Halevi, [@B26]; Rosenkrantz et al., [@B31]). Though numerous surveys have been conducted for the neuroimaging or neuroscience literature to assess its popular topics (Yeung et al., [@B46]; Yeung, [@B41]), geographic distribution of institutions and countries that contributed to highly cited papers (Bornmann et al., [@B2]), text readability (Yeung et al., [@B48]), prevalent statistical thresholds (Yeung, [@B42]), and even editorial stance toward replication studies (Yeung, [@B40]), no study has reported the distribution and citation of publication types. The current study, as a conceptual replication of Rosenkrantz et al. ([@B31]), assessed the publication types in neuroimaging literature, their correlations with citation performance and distribution, and the temporal trends of publications.

Methods {#s2}
=======

Relevant publications were identified *via* PubMed searches conducted in July 2019. Only publications with "neuroimaging" being one of their MeSH Major Topics were included. Moreover, each search was limited by a specific "Publication Type" assigned by Medline staff to the publications indexed in PubMed. Following the search method by Rosenkrantz et al. ([@B31]), 12 "Publication Types" were considered: case report, clinical trial, comparative study, editorial, evaluation study, guideline, meta-analysis, multicenter study, randomized controlled trial, review, technical report, and validation study. The total number of publications for each publication type was recorded, and their PMIDs were searched *via* the Web of Science (WoS) Core Collection database. As WoS but not PubMed records citation data, only publications that were indexed in WoS were further evaluated in the current study. The Journal Citation Reports (JCR) assigns journals to different categories, one of which being "Neuroimaging." The proportion of publications of each publication type published within JCR "Neuroimaging" journals was computed. The three most common journals for each publication type were identified.

To reveal potential recent linear publication trends, the annual publication counts for each publication type since year 2000 were recorded and entered into linear regression models. Besides, Pearson correlation test was used to assess if, across the publication types, year-adjusted mean citation count was associated with the proportion of publications in neuroimaging journals or the proportion of uncited publications. To give a better picture of citation distribution for each publication type, the proportion of publications with more than the year-adjusted mean citation count was recorded. Statistical assessment was performed in SPSS 25.0 (IBM, New York, USA). Tests with *P* \< 0.05 were considered statistically significant.

Results {#s3}
=======

The proportion of WoS coverage for PubMed-indexed publications ranged from 81.1% (guideline) to 99.3% (meta-analysis). The smallest publication type was technical report (*n* = 16 in WoS), whereas the largest type was review (*n* = 4,862) ([Table 1](#T1){ref-type="table"}). From the data, over one-third of neuroimaging guidelines were published in neuroimaging journals, but only one-sixth of neuroimaging reviews were so. *NeuroImage* seemed to be a popular journal for most of the publication types, whereas other journals had specific niches, such as *American Journal of Neuroradiology* for guidelines, clinical trials, and multicenter studies, *IEEE Transactions on Biomedical Engineering* for validation and evaluation studies, and *Stroke* for multicenter studies and clinical trials.

###### 

Proportion of neuroimaging papers of various publication types published in neuroimaging journals and the three most common journals publishing them.

  **Publication type**                      **% in neuroimaging journals**   **Three most common journals (%)**
  ----------------------------------------- -------------------------------- ---------------------------------------------------------
  Guideline (*n* = 30)                      36.7                             American Journal of Neuroradiology (16.7)
                                                                             Journal of Vascular and Interventional Radiology (16.7)
                                                                             Journal of Neuroimaging (13.3)
  Validation study (*n* = 440)              26.4                             NeuroImage (11.1)
                                                                             IEEE Transactions on Biomedical Engineering (6.6)
                                                                             Human Brain Mapping (5.7)
  Technical report (*n* = 16)               25.0                             Human Brain Mapping (18.8)
                                                                             Acta Neurochirurgica (12.5)
                                                                             World Neurosurgery (12.5)
  Editorial (*n* = 630)                     23.3                             American Journal of Neuroradiology (12.1)
                                                                             Neurology (4.3)
                                                                             Clinical Neuroradiology (3.7)
  Meta-analysis (*n* = 432)                 23.1                             Human Brain Mapping (8.1)
                                                                             NeuroImage (7.9)
                                                                             Neuroscience and Biobehavioral Reviews (7.9)
  Multicenter study (*n* = 366)             22.1                             Stroke (9.8)
                                                                             Human Brain Mapping (6.0)
                                                                             American Journal of Neuroradiology (4.4)
  Randomized controlled trial (*n* = 641)   19.5                             NeuroImage (7.6)
                                                                             Journal of Neuroscience (5.5)
                                                                             Neuroradiology (3.3)
  Case report (*n* = 2,628)                 19.1                             American Journal of Neuroradiology (7.2)
                                                                             Neuroradiology (6.2)
                                                                             Journal of Neurosurgery (4.6)
  Evaluation study (*n* = 1,022)            18.3                             NeuroImage (9.8)
                                                                             IEEE Transactions on Biomedical Engineering (6.0)
                                                                             Magnetic Resonance in Medicine (3.6)
  Comparative study (*n* = 4,686)           17.8                             American Journal of Neuroradiology (4.3)
                                                                             NeuroImage (4.2)
                                                                             Human Brain Mapping (3.1)
  Clinical trial (*n* = 2,035)              17.8                             NeuroImage (5.6)
                                                                             Stroke (5.3)
                                                                             American Journal of Neuroradiology (4.2)
  Review (*n* = 4,862)                      16.7                             NeuroImage (6.8)
                                                                             Neuroimaging Clinics of North America (3.2)
                                                                             Neuroscience and Biobehavioral Reviews (2.8)

*Neuroimaging journals refer to journals classified by Journal Citation Reports (Clarivate Analytics) as in the Neuroimaging category*.

Since year 2000, seven publication types showed significant linear increase, namely, randomized controlled trial, meta-analysis, multicenter study, technical report, review, case report, and editorial ([Table 2](#T2){ref-type="table"}). Multicenter studies, reviews, and meta-analyses showed the strongest linear increase in annual publication count. These publication types also had the highest year-adjusted citation counts (4.7--10.0), whereas case reports and editorials were scarcely cited (0.5--1.0) ([Supplementary Table 1](#SM2){ref-type="supplementary-material"}). Regarding the citation distribution, clinical trials, guidelines, and randomized controlled trials seemed to have a more even citation distribution, with \~30% of papers having their year-adjusted citation count above the average. In particular, all guidelines received at least one citation. Meanwhile, only 18.8% of technical reports had an above-average year-adjusted citation count and 12.5% had zero citation, implying that few technical reports were highly cited and skewed the citation distribution. Finally, across the publication types, year-adjusted mean citation count did not correlate with proportion in neuroimaging journals (*r* = 0.021, *p* = 0.947) and proportion of uncited publications (*r* = −0.502, *p* = 0.096).

###### 

Temporal trends in the publication count of neuroimaging papers of various publication types.

  **Publication Years**   **Review**                                 **Comparative study**   **Clinical trial**   **Case report**                          **Evaluation study**   **Editorial**                              **Randomized controlled trial**            **Validation study**   **Meta-analysis**                          **Multicenter study**                      **Guideline**   **Technical report**
  ----------------------- ------------------------------------------ ----------------------- -------------------- ---------------------------------------- ---------------------- ------------------------------------------ ------------------------------------------ ---------------------- ------------------------------------------ ------------------------------------------ --------------- ----------------------------------------
  2000                    66                                         89                      49                   63                                       8                      11                                         3                                          2                      3                                          3                                          1               0
  2001                    50                                         75                      57                   49                                       18                     11                                         15                                         8                      3                                          6                                          1               0
  2002                    41                                         108                     65                   60                                       23                     10                                         6                                          6                      2                                          2                                          0               0
  2003                    82                                         239                     90                   74                                       75                     12                                         7                                          49                     2                                          2                                          0               0
  2004                    104                                        313                     152                  78                                       46                     7                                          15                                         42                     0                                          4                                          2               0
  2005                    103                                        457                     145                  57                                       75                     12                                         14                                         37                     2                                          9                                          2               0
  2006                    138                                        460                     118                  65                                       56                     13                                         22                                         10                     3                                          8                                          0               0
  2007                    162                                        166                     58                   73                                       72                     15                                         10                                         16                     5                                          8                                          1               1
  2008                    124                                        177                     72                   56                                       55                     26                                         21                                         24                     9                                          9                                          1               0
  2009                    131                                        112                     50                   70                                       72                     31                                         15                                         13                     10                                         11                                         4               3
  2010                    161                                        163                     51                   97                                       49                     29                                         20                                         17                     12                                         14                                         1               0
  2011                    254                                        190                     89                   108                                      37                     39                                         43                                         31                     19                                         16                                         1               2
  2012                    489                                        202                     107                  143                                      29                     53                                         53                                         20                     58                                         28                                         3               1
  2013                    376                                        203                     124                  126                                      46                     75                                         60                                         32                     46                                         28                                         1               0
  2014                    482                                        206                     139                  115                                      56                     60                                         65                                         38                     53                                         34                                         0               2
  2015                    425                                        155                     89                   118                                      70                     55                                         35                                         23                     41                                         36                                         4               0
  2016                    381                                        149                     84                   110                                      65                     49                                         42                                         25                     57                                         43                                         3               2
  2017                    423                                        107                     53                   102                                      50                     41                                         32                                         26                     60                                         40                                         2               4
  2018                    358                                        79                      59                   46                                       18                     36                                         29                                         18                     40                                         38                                         1               1
  Since 2000              4,350                                      3,650                   1,651                1,610                                    920                    585                                        507                                        437                    425                                        339                                        28              16
  *R*^2^                  0.790                                      0.043                   0.000                0.332                                    0.032                  0.664                                      0.540                                      0.046                  0.759                                      0.885                                      0.141           0.324
  *P* value               \<0.001[^\*^](#TN1){ref-type="table-fn"}   0.392                   0.959                0.010[^\*^](#TN1){ref-type="table-fn"}   0.460                  \<0.001[^\*^](#TN1){ref-type="table-fn"}   \<0.001[^\*^](#TN1){ref-type="table-fn"}   0.379                  \<0.001[^\*^](#TN1){ref-type="table-fn"}   \<0.001[^\*^](#TN1){ref-type="table-fn"}   0.114           0.011[^\*^](#TN1){ref-type="table-fn"}

*Linear regression was conducted for each publication type to assess if the annual publication count showed a significant linear increase or decrease*.

*P \< 0.05*.

It was counterintuitive to see the growth in the annual publication count of case reports, given that most journals do not accept them nowadays unless they have exceptional clinical merit. Therefore, a two-part *post hoc* analysis was performed. First, upon a closer examination, the case reports were actually published in 93 journals during the 1980s, 134 during the 1990s, 189 during the 2000s, and 268 during the 2010s. It is reasonable to deduce that the newer journals commenced publication served as the venue for some of the newer case reports, given that the numbers of case reports and journals publishing them formed an apparently linear relationship over the last four decades ([Supplementary Figure 1](#SM1){ref-type="supplementary-material"}). Meanwhile, the definition of case reports by PubMed/Medline is "clinical presentations that may be followed by evaluative studies that eventually lead to a diagnosis" (<https://www.nlm.nih.gov/mesh/pubtypes.html>), which is arguably a bit vague. On the other hand, the National Cancer Institute (NCI) defined case report as "a detailed report of the diagnosis, treatment, and follow-up of an individual patient. Case reports also contain some demographic information about the patient (for example, age, gender, ethnic origin)" (<https://www.cancer.gov/publications/dictionaries/cancer-terms/def/case-report>). As [Table 2](#T2){ref-type="table"} illustrates a steady growth of case reports since 2000, the second part of the *post hoc* analysis was a manual screening to determine if the labeled "case reports" were labeled correctly. The definition by NCI was referenced, with a modification that multiple patients were allowed. Five percent of the 1,610 case reports marked in [Table 2](#T2){ref-type="table"} were assessed (*n* = 80). A random sequence was generated from [www.random.org](http://www.random.org), and the corresponding items were picked from the list of 1,610 case reports sorted by date (newest to oldest). The author determined that 10 of the 80 publications were not case reports, meaning a tagging accuracy of 87.5% for case reports, and that the number of case reports was not inflated.

Discussion {#s4}
==========

There were huge variations in publication and citation data among various publication types. Consistent to previous reports (Chew and Relyea-Chew, [@B4]; Rosenkrantz et al., [@B31]), case reports that belong to lower levels of evidence had fewer citations relative to their counterparts with higher levels of evidence, such as meta-analyses and randomized controlled trials. However, unlike previous reports, the citation data did not correlate with the proportion of publications in specialized (neuroimaging) journals (Rosenkrantz et al., [@B31]) and proportion of uncited publications (Yeung, [@B44]). Though a direct comparison may not be possible, the current study showed that reviews had 1.6 times more year-adjusted citations than guidelines, which seemed to be the reverse of the situation in radiology, where the latter had two times more 2-year citations than the former (Rosenkrantz et al., [@B31]).

Regarding citations, readers should be aware of the fact that not all citations are the same. The underlying citing behavior is a complicated meta-theoretical matter (Leydesdorff, [@B16]) that may not be solely acknowledging the intellectual and cognitive influences of preceding work, but including eight major types: affirmational, assumptive, conceptual, contrastive, methodological, negational, perfunctory, and persuasive (Bornmann and Daniel, [@B1]). Apart from the citation context and polarity, the semantics and linguistic patterns in citations as well as the citation locations within the text also account for the citing behavior (Tahamtan and Bornmann, [@B34]). It implied that citation count is an overall value that has multiple facets in various proportions. Metrics were developed to transform citation count in different contexts, for instance, the source normalized impact per paper (SNIP) at the journal level (Moed, [@B25]), the relative citation ratio at the article level (Hutchins et al., [@B11]), and so on. Uncitedness may relate to lower impact journals (Garfield, [@B8]; Van Leeuwen and Moed, [@B35]), but many uncited papers would eventually receive citations after some time had lapsed (Garfield, [@B7]). Besides, uncitedness tended to decrease in the digital age as the reliance on journal impact factor to attract citations for individual papers has been diminished (Lozano et al., [@B19]), the size of the publisher did not seem to affect the relative citation rate of papers (Larivière et al., [@B15]), and the number of references per paper increased (Wallace et al., [@B36]).

It is a common notion that review papers are more cited than original research papers, with a recent analysis, based on the publication types used by WoS database, suggesting that the former are generally cited three times more than the latter (Miranda and Garcia-Carpintero, [@B23]). In neuroimaging journals, the ratio is about 2.5--1 (Miranda and Garcia-Carpintero, [@B23]). However, the current results suggested that the whole picture behind this simple ratio could be much more complicated. First, review papers with meta-analyses were much more cited than pure reviews. Similarly, once the original research papers were further divided by numerous publication types, readers could recognize that multicenter studies and randomized controlled trials were much more cited than case reports, which constituted a large proportion of publications analyzed in the current study. At first, it might be counterintuitive to see the continued growth of case reports, given that most journals do not accept them unless they have exceptional clinical merit. As reported in the *Results*, one reason for the growing number of case reports is that there is a growing number of (new) journals publishing them. Also, many case reports do not merely report a case. Some of them are accompanied by a short review of the literature, and some of them reported many patients as a case series. The boundary between a case report and other publication types, such as a retrospective study without control groups and analytical statistics, can be quite vague. Moreover, a minority of publications could be wrongly labeled by PubMed/Medline as case reports, e.g., a prospective observational study with 4,568 patients, and a structured abstract with background, methods, results, and conclusion (Gupta et al., [@B10]). Perhaps both journal editorial boards and data tagging staff of bibliometric databases should consider how to better define and distinguish the coverage of "case reports."

It is reassuring to see that randomized controlled trials and multicenter studies have been on a steady rise since the beginning of the 2000s. A previous report has pointed out that funding could be the main driver for the continual increase in publications (Lariviere et al., [@B14]). Surely, these research types represent higher levels of evidence relative to case reports and retrospective studies. Nonetheless, readers should be aware of other aspects of neuroimaging studies that may influence the quality of scientific evidence, namely, the sample size and statistical threshold. Small samples with uncorrected statistics might inflate the chance of having false positive results (Poldrack et al., [@B30]). A series of surveys of neuroimaging papers seemed to show that the statistical thresholds have been becoming more stringent, but the sample size is still quite small in general (Guo et al., [@B9]; Woo et al., [@B38]; Yeung, [@B42]).

This study has several inherited limitations. To begin with, not all PubMed-indexed publications are tagged with labels such as "Publication Types" and "MeSH Major Topics," which are assigned by Medline. Still, it was advocated that MeSH-based search strategy should be preferred, and programs were developed to facilitate the work (Lundberg et al., [@B20]; Leydesdorff et al., [@B18]; Leydesdorff and Opthof, [@B17]). In addition, a minority of the PubMed-indexed publications was not indexed by WoS and thus excluded from the current study. Therefore, the current analyzed literature set could not fully represent the entire neuroimaging literature. Moreover, results may be different if alternative databases such as Scopus would be used. Readers should also be aware of the large values of standard deviations listed for the year-adjusted citation count of the publication types in [Supplementary Table 1](#SM2){ref-type="supplementary-material"}, which might be reduced by transforming the data to a ratio of citation counts of each type to that of the most-cited type (Miranda and Garcia-Carpintero, [@B23]), i.e., meta-analysis. Meanwhile, the percentage of uncited publications could be biased/inflated if certain publication types were preferentially published in the recent years and thus had less time to receive citations. Future surveys should also consider applying the percentage of publications among different quartiles by journal\'s impact factor as a metric to evaluate citation performance besides citation count (Miranda and Garcia-Carpintero, [@B24]).

Given the large number of publications involved in the current study, the author was unable to manually screen every publication to determine the accuracy of publication type. However, previous studies demonstrated that the publication types could be assigned incorrectly, in the range of 1.9--29.3% (Donner, [@B6]; Yeung, [@B43]). For instance, the current results showed that there were only 30 neuroimaging guidelines. The author was aware of a renowned guideline recently published by the neuroimaging meta-analysis community, entitled "Ten simple rules for neuroimaging meta-analysis" (Müller et al., [@B29]). One of its keywords was "guidelines." Meanwhile, Medline labeled its "Publication Type" as a "review," and "MeSH Major Topics" as "Guidelines as Topic," "Meta-analysis as Topic," and "Neuroimaging." The author wished to highlight the confusion caused by the overlapping between "Publication Type" and "MeSH term" labeling in this example (Müller et al., [@B29]). In fact, the "Publication Type" tags by Medline were heavily relied on by routine searches and bibliometric analyses in health sciences (Mosa and Yoo, [@B27]; Ma et al., [@B21]). Ideally, the tagging rules should be easier and simpler, so that users are able to identify relevant body of literature more efficiently, without advanced or complicated search queries. Meanwhile, the current study also did not distinguish the imaging modalities used in the publications, though previous bibliometric studies reported that magnetic resonance imaging was the predominant imaging modality for the top 100 most cited neuroimaging papers as well as the whole neuroimaging literature (Kim et al., [@B12]; Yeung et al., [@B46],[@B47]).

This work surveyed the publication types of the neuroimaging literature. It added another perspective to how the literature shaped. Readers should also refer to other systematic reviews, bibliometric reports, and opinion articles to better grasp the overview of various aspects of the field. For instance, machine learning or pattern classification has been popular since the early 2010s, and it helps the field to develop into the direction of individualized biomarkers of diseases or functional brain states (Davatzikos, [@B5]). Regarding the most cited papers in the field, readers can refer to previous works which showed that neurological disorders and emotion/reward were recurring themes (Yeung et al., [@B45]), human subjects were more common than animal models, and magnetic resonance imaging was more prevalent than positron emission tomography (Yeung, [@B39]). Reproducibility has been an issue receiving attention. With the advancement in the statistical modeling and validations, the use of uncorrected statistics in neuroimaging literature dropped from 41% reported in 2012 (Carp, [@B3]) to around 4.4% near the end of the 2010s (Yeung, [@B42]). For the publications on top of the level of evidence pyramid, i.e., meta-analyses, increasingly more stringent statistical thresholds were adopted, but the number of studies contained in the analyses did not significantly rise (Yeung et al., [@B49]).

In conclusion, the neuroimaging literature has been expanding with papers of higher levels of evidence, such as meta-analyses, multicenter studies, and randomized controlled trials, though case reports are still a large part of the literature. More neuroimaging guidelines and technical reports should be encouraged.
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An apparent linear relationship between the number of case reports published in each decade and the corresponding number of journals publishing them.
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Year-adjusted citation counts of various publication types of neuroimaging papers, in descending order.
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